1. Introduction {#sec1}
===============

Varicocele is the most common cause of infertility in men \[[@B1]\] and the exact pathophysiological mechanism by which it impairs fertility in affected men remains unknown \[[@B2], [@B3]\]. Consequently, the early diagnosis of varicocele is necessary before testicular damage might occur and, as indicated by several clinical studies, the varicocele repair is possible through surgical procedure \[[@B4]--[@B7]\]. Although many advances have occurred in the treatment of varicocele, it still represents an important and challenging aspect of basic research (male reproductive physiology and endocrinology, pathophysiology, and pharmacology of reproduction and fertility) and medical practice for urologists, pediatric surgeons, and general physicians, to date \[[@B4]--[@B7]\].

The development of varicocele-related testis damage may be caused by disruption of homeostasis between cell proliferation and cell death \[[@B8]--[@B12]\]. This phenomenon is also related to different pathophysiological mechanisms (imbalance between reactive oxygen species and seminal antioxidants, lipid peroxidation, DNA fragmentation, and apoptosis) in testis following varicocele induction \[[@B13], [@B14]\]. Basically, apoptosis is a physiological process by which a sequence of intracellular events results in the programmed elimination of a cell from its environment \[[@B15], [@B16]\]. Specifically, alterations in the apoptosis of germ cells may be crucial in varicocele-related human infertility \[[@B17]\] and, as a direct consequence, targeting apoptosis may represent an alternative and rational therapeutic strategy in the treatment of varicocele complications \[[@B18]--[@B21]\].

Emerging contributors in this context are the inhibitors of apoptosis proteins (IAPs), which halt cell death in response to diverse stimuli \[[@B22]\]. IAPs family influences apoptosis by direct inhibition of caspases and modulation of the transcription factor nuclear factor-kB (NF-kB). Eight mammalian IAPs are known at present: X-chromosome-linked IAP (XIAP), cellular IAP1 and IAP2 (cIAP1 and cIAP2), neuronal apoptosis inhibitory protein (NAIP), survivin, BRUCE, livin, and testis-specific IAP (Ts-IAP).

NAIP was originally identified while searching for a gene on chromosome 5q13 responsible for childhood muscular atrophy and is also associated with spinal muscular dystrophy \[[@B23], [@B24]\]. Survivin too has a central role in the negative regulation of apoptosis; however the exact mechanism by which survivin controls programmed cell death has not yet been clarified \[[@B25]\].

It has been indicated that NAIP contrasts apoptosis by inhibition of the executioner caspase-3 and caspase-7 \[[@B26]\] while survivin has been shown to modulate the executioner caspase-3 \[[@B27]\]. However, recent findings suggest that IAPs have a much broader spectrum of action than promoting cell survival by caspase regulation; indeed, a crucial function of some IAPs consists in the regulation of inflammatory and innate immune signaling pathways, a function attributed to their E3 Ub-ligase activities \[[@B28]\].

Polydeoxyribonucleotide (PDRN) is the active fraction extracted from trout spermatozoa used for tissue repair \[[@B29]\] and, acting through stimulation of the adenosine A2A receptor (A2AR), is able to induce vascular endothelial growth factor (VEGF) production during pathologic conditions of low tissue perfusion \[[@B30]\]. This evidence prompted us to investigate the effect of PDRN on experimental varicocele; our previous published data indicated that A2AR stimulation could represent an interesting target to positively modulate the harmful pathophysiological signaling which characterizes the experimental varicocele \[[@B31], [@B32]\]. Indeed, it has been also shown that PDRN improves the innate mechanism of neoangiogenesis, through compensatory oxygen and metabolite supply to testis, thereby enhancing testicular function and restoring spermatogenic function \[[@B31], [@B32]\].

In light of this background, we explored the effect of PDRN on testis neuronal apoptosis inhibitory protein (NAIP) and survivin expression in an experimental model of varicocele.

2. Materials and Methods {#sec2}
========================

2.1. Animals and Experimental Procedures {#sec2.1}
----------------------------------------

The protocol was approved by the Committee of Animal Health and Care of University of Messina and all animal procedures were carried out according to Guide for the Care and Use of Laboratory Animals. A total of 42 male Sprague-Dawley adolescent rats aged 7 weeks and weighing 200 to 225 g were used \[[@B33]\]. During the experiments, the animals were maintained under controlled environmental conditions (12-hour light/dark cycle, temperature approximately 23°C) and provided with standard laboratory food and water*ad libitum*. After induction of anesthesia with an intraperitoneal (i.p.) injection of sodium pentobarbital (50 mg/kg), varicocele was induced as previously described elsewhere \[[@B11], [@B31], [@B32], [@B34]\]. Briefly, varicocele was induced by an abdominal midline incision. The left renal vein, inferior vena cava, and left spermatic vein were identified and a clamp was passed behind the left renal vein just distal to the spermatic vein insertion. A 4-zero silk ligature was loosely placed around the left renal vein at this site and a rigid hydrophilic guide wire of 0.64 mm in diameter was placed on the left renal vein. The ligature was tied around the vein over the top of the guide wire. The guide wire was then withdrawn and the vein allowed to expand to the limits of the ligature causing the vein diameter to be decreased to approximately half of its original diameter. The renal vein and spermatic vein in each animal were dilated immediately. The midline incision was closed in 2 layers with 3-zero silk suture. Sham-operated rats underwent the same vertical midline incision, and the suture was also placed, but it was not tied. Animals were housed one per cage only during the first week following surgical procedures in all experimental groups to minimize the impact and time of social isolation \[[@B35]\].

Twenty-eight days after the creation of varicocele, animals were randomized to the following treatment: vehicle (0.9% NaCl solution 1 mL/kg i.p., daily), PDRN (8 mg/kg i.p., daily), PDRN + 3,7-dimethyl-propargylxanthine (DMPX, a specific adenosine A2A-receptor antagonist, 0.1 mg/kg i.p., daily), varicocelectomy, and varicocelectomy + PDRN (8 mg/kg i.p., daily).

Twenty-one days after randomization, all animals were euthanized by sodium pentobarbital overdose, and the left testis was harvested to evaluate NAIP and survivin expression by use of real-time quantitative polymerase chain reaction (qRT-PCR), western blot, and immunohistochemical analysis previously shown elsewhere \[[@B29]--[@B32]\]. Other molecular hallmarks of apoptosis (i.e., Bcl-2, BAX) and/or cell proliferation (i.e., VEGF) were previously examined in our research laboratory \[[@B31]\].

2.2. Real-Time Quantitative PCR (qRT-PCR) for NAIP and Survivin {#sec2.2}
---------------------------------------------------------------

For the gene expression study, the extraction of total mRNA was performed from tissue testis using TRIZOL (Invitrogen, Milan, Italy) under sterile conditions, following the manufacturer\'s protocol. For each sample, 5 *μ*g of mRNA was reverse-transcribed into cDNA through cDNA Archive High-Capacity Reverse Transcription kit (Life Technologies, Foster City, CA, USA). cDNA was stored at −20°C and it was used to quantify by TaqMan Gene Expression Assay (Life Technologies) the amount of NAIP (Rn01757809_m1; Life Technologies, Foster City, CA, USA) and survivin (Rn00574012_m1; Life Technologies, Foster City, CA, USA), using the instrument SDS 7300 Real-Time PCR (Applied Biosystems, Foster City, CA, USA). The result was expressed using 2^−ΔΔCT^ method (normalized versus varicocele + vehicle). *β*-actin (Rn00667869_m1; Life Technologies, Foster City, CA, USA) was used as endogenous control.

2.3. Isolation of Proteins and Determination of NAIP and Survivin by Western Blot Analysis {#sec2.3}
------------------------------------------------------------------------------------------

Samples from testis were homogenized in lysis buffer (1% Triton; 20 mM Tris/HCl, pH 8.0; 137 mM NaCl; 10% glycerol; 5 mM EDTA; 1 mM phenylmethylsulfonyl fluoride; 1% aprotinin; 15 *μ*g/mL leupeptin) and centrifuged at 15000 rpm for 15 min at 4°C, and the protein content was determined by using the DC protein assay (Biorad, Milan, Italy). Protein samples were denatured in 2X Laemmli sample buffer (Biorad, Milan, Italy) and separated by SDS-PAGE. The separated proteins were transferred onto a nitrocellulose membrane using a transfer buffer (39 mmol/L glycine, 48 mmol/L Tris, pH 8.3, and 20% methanol) at 200 mA for 1 hour. The membranes were stained with Ponceau S (0.005% in 1% acetic acid) to confirm equal amounts of protein and were blocked with 5% nonfat dry milk in TBS-0.1% Tween for 1 hour at room temperature, washed 3 times for 10 minutes each in TBS-0.1% Tween, and incubated with a primary antibody for NAIP (Abcam, Cambridge, MA, USA) and survivin (Cell Signaling, Beverly, MA, USA) in TBS-0.1% Tween overnight at 4°C. After being washed 3 times for 10 minutes each in TBS-0.1% Tween, the membranes were incubated with a secondary antibody peroxidase-conjugated goat anti-rabbit immunoglobulin G (Pierce, Rockford, IL, USA) for 1 hour at room temperature. The protein signal was quantified by scanning densitometry using a bioimage analysis system ECL plus (Thermo Scientific, Waltham, MA, USA). The results were expressed as relative integrated intensity subtracting the respective backgrounds represented by *β*-actin (Cell Signaling, Beverly, MA, USA) expression.

2.4. Immunohistochemistry {#sec2.4}
-------------------------

Excised rat testes were longitudinally sectioned, formalin-fixed, and paraffin-embedded. Parallel serial sections (4 *µ*m) were cut and antigen retrieval was performed using 0.01 M sodium citrate buffer heated for 30 minutes in microwave oven. Tissues were overnight incubated at 4°C with polyclonal rabbit anti-NAIP (Abcam, Cambridge, MA, USA) and monoclonal rabbit anti-survivin (Cell Signaling, Beverly, MA, USA) antibodies, diluted 1 : 25 and 1 : 400, respectively.

Secondary antibody was provided by Innovex (Richmond, CA, USA) and the location of the reaction was visualized with 3,3′-diaminobenzidine tetrahydrochloride (Sigma Aldrich, Milan, Italy). Slides were counterstained with hematoxylin and mounted with coverslips.

2.5. Spermatogenic Activity {#sec2.5}
---------------------------

Spermatogenesis was quantified in fifty tubular cross sections for each animal, using Johnsen\'s score system. A score of 1--10 was given to each seminiferous tubule, depending on the maturation rate of the germ cells: 10: full spermatogenesis; 9: slightly impaired spermatogenesis, many late spermatids, and disorganized epithelium; 8: less than five spermatozoa per tubule, few late spermatids; 7: no spermatozoa, no late spermatids, and many early spermatids; 6: no spermatozoa, no late spermatids, and few early spermatids; 5: no spermatozoa or spermatids, many spermatocytes; 4: no spermatozoa or spermatids, few spermatocytes; 3: spermatogonia only; 2: no germinal cells, Sertoli cells only; 1: no seminiferous epithelium \[[@B36]\].

2.6. Statistical Analysis {#sec2.6}
-------------------------

All data are expressed as mean ± standard error of the mean (SEM). Data were analyzed by one-way analysis of variance (ANOVA) followed by Tukey\'s post hoc evaluation. *P* \< 0.05 was considered statistically significant.

2.7. Compounds {#sec2.7}
--------------

DMPX and 0.9% NaCl solution were obtained from Sigma (Milan, Italy).

3. Results {#sec3}
==========

3.1. Testis NAIP and Survivin mRNA Levels {#sec3.1}
-----------------------------------------

Testis from sham animals had measurable levels of NAIP and survivin evaluated as mRNA level (Figures [1(a)](#fig1){ref-type="fig"} and [1(b)](#fig1){ref-type="fig"}). Testis from varicocele-injured rats showed a significant decrease in NAIP and survivin mRNA expression compared to sham animals (Figures [1(a)](#fig1){ref-type="fig"} and [1(b)](#fig1){ref-type="fig"}). The treatment with PDRN markedly increased NAIP and survivin mRNA expression. However, the effect of PDRN was abrogated by administration of DMPX. Varicocelectomy alone did not modify significantly the NAIP and survivin expression compared to sham animals while the concomitant administration of PDRN increased mRNA levels of these IAPs (Figures [1(a)](#fig1){ref-type="fig"} and [1(b)](#fig1){ref-type="fig"}).

3.2. NAIP and Survivin Expression by Western Blot {#sec3.2}
-------------------------------------------------

Varicocele produced a significant reduction in both testicular NAIP and survivin expression in comparison with sham animals (Figures [2(a)](#fig2){ref-type="fig"} and [2(b)](#fig2){ref-type="fig"}). Administration of PDRN markedly augmented both members of IAPs family. The concomitant administration of DMPX plus PDRN abrogated the effects of PDRN on the antiapoptotic proteins expression (Figures [2(a)](#fig2){ref-type="fig"} and [2(b)](#fig2){ref-type="fig"}). Varicocelectomy alone did not modify significantly the NAIP and survivin expression whose levels are similar to sham animals. Varicocelectomy plus PDRN increased the NAIP and survivin expression but at significantly lower levels compared to those revealed in animals treated with PDRN alone (Figures [2(a)](#fig2){ref-type="fig"} and [2(b)](#fig2){ref-type="fig"}).

3.3. NAIP and Survivin Detection by Immunohistochemical Analysis {#sec3.3}
----------------------------------------------------------------

NAIP and survivin were also evaluated immunohistochemically. Specifically, NAIP immunostaining showed diffuse and strong positivity in spermatogonia, spermatozoa, and Leydig cells of the following groups: sham, varicocele + PDRN, and varicocelectomy + PDRN (Figures [3(a)](#fig3){ref-type="fig"}, [3(c)](#fig3){ref-type="fig"}, and [3(e)](#fig3){ref-type="fig"}). Differently, just a focal immunoreaction was proved in sperm and Leydig cells of animals subjected to varicocelectomy alone ([Figure 3(d)](#fig3){ref-type="fig"}) and no immunostaining was detected in varicocele group ([Figure 3(b)](#fig3){ref-type="fig"}). Survivin immunostaining showed diffuse and strong positivity in spermatogonia of sham, varicocele + PDRN, and varicocelectomy + PDRN groups (Figures [4(a)](#fig4){ref-type="fig"}, [4(c)](#fig4){ref-type="fig"}, and [4(e)](#fig4){ref-type="fig"}). By contrast, slightly focal immunoreactivity was observed in germ cells of rats subjected to varicocelectomy ([Figure 4(d)](#fig4){ref-type="fig"}) and a negative reaction for survivin in varicocele group ([Figure 4(b)](#fig4){ref-type="fig"}). DMPX, antagonist of the A2AR, abrogated PDRN effects on both NAIP and survivin expression (Figures [3(f)](#fig3){ref-type="fig"} and [4(f)](#fig4){ref-type="fig"}).

3.4. Spermatogenic Activity {#sec3.4}
---------------------------

Rats subjected to varicocele and treated with vehicle showed a significant impairment in spermatogenic activity after 21 days ([Table 1](#tab1){ref-type="table"}). In contrast, administration of PDRN significantly increased Johnsen\'s score while DMPX cotreatment did not improve the altered spermatogenesis, and it abated the beneficial effects of PDRN ([Table 1](#tab1){ref-type="table"}). Varicocelectomy alone significantly reverted the altered spermatogenic activity while varicocelectomy with PDRN group did not observe any additional significant restorative effect of spermatogenic function ([Table 1](#tab1){ref-type="table"}).

4. Discussion {#sec4}
=============

We have previously shown that PDRN, acting as a selective agonist on adenosine A2AR, was effective in improving the experimental varicocele \[[@B31], [@B32]\]. Specifically, PDRN succeeded in ameliorating the histologic damage and the poor spermatogenesis in the affected rats.

The present data represent novel and adjunctive findings distinct from those published previously \[[@B31], [@B32]\]. In fact, PDRN administration resulted in a specific and highly regulated action on apoptosis, particularly through the control of expression of NAIP and survivin. Indeed, it appears useful to point out that varicocele induction and subsequent postsurgical isolation of rats could interfere with our results in this experimental model \[[@B35], [@B37], [@B38]\]. Consequently, since social isolation in rodents is associated with a range of behavioural and physiological changes, some of which indicate a stress response, we have minimized the impact and time of social isolation (only one week) in all experimental groups. This approach allowed us to promote adequate healing and postoperative recovery and prevent the spread of infections.

As a first step, our experimental findings suggest that NAIP and survivin could play a pivotal role in the pathogenesis of varicocele. In fact, NAIP and survivin were markedly reduced following varicocele induction while PDRN administration markedly augmented both members of IAPs family; moreover, the concomitant administration of DMPX, a specific adenosine A2AR antagonist, abrogated the effects of PDRN on the antiapoptotic proteins.

Indeed, our sham testis samples had measurable levels of NAIP in accordance with previous data obtained on human tissues \[[@B23]\]; this experimental finding, indicating the presence of NAIP within tissues that are not usually affected a neuron disease, would suggest that NAIP has functional/physiological implications in a broad spectrum of tissues, exerting both antiapoptotic and immunoendocrine modulatory functions.

As a matter of fact, qRT-PCR and western blot analysis revealed an enhanced expression of NAIP in testis samples following PDRN administration compared to those vehicle-treated and/or after varicocelectomy, alone. This leads us to speculate that PDRN may reawake the depressed apoptotic machinery. In agreement with this latter observation, immunostaining for NAIP revealed that PDRN significantly causes diffuse and strong positivity in spermatogonia and spermatozoa, confirming the crucial role of the apoptotic signals in germ cells differentiation and testis endocrine and spermatogenic function \[[@B17]\]. This observation is intriguing in terms of infertility management in mammalian species because a previous work by Maier and coworkers indicated that (i) the expression pattern of NAIP in testis did not necessarily reflect the immunohistochemical data and (ii) the increase of NAIP might be also related to a generic compensatory mechanism involving inflammatory cells as macrophages in target tissues \[[@B23]\].

The difference between our results and those previously described could be easily due to the different species examined (rat versus human), different microenvironment (pathological versus normal condition), and different therapeutic approach targeting specific molecular pathways.

So far, current knowledge indicates that, besides NAIP, survivin is highly expressed in adult human testis, especially in the nuclei of mature spermatocytes, and its downregulation is linked with spermatogenic failure \[[@B39]--[@B41]\]. Moreover, recent experimental evidences indicated that survivin could be associated with a direct control of cell survival: it acts as protein inhibitor of apoptosis by inhibiting caspases and antagonizing mitochondria-dependent apoptosis \[[@B42]\].

In our model of experimental varicocele we found an enhanced expression of survivin following PDRN administration in agreement with previous experimental observations by Bayomy and coworkers \[[@B43]\]. They showed that a left-sided varicocele causes bilateral testicular histological abnormalities, angiogenesis, and apoptosis, including a marked increase in the expression of caspase-3 and a marked decrease in the expression of survivin \[[@B43]\]. In the present research, we found that survivin immunostaining shows a more diffuse and strong positivity particularly in spermatogonia and Leydig cells of PDRN-treated rats; as expected, DMPX, blocking A2ARs, abrogated PDRN effects on survivin expression in varicocele-induced rats.

The positive modulation of IAPs molecular pathway obtained by PDRN treatment was also supported in our model by the evidence of a significant restorative effect of spermatogenic function. These effects are comparable to those obtained in rats subjected to varicocelectomy \[[@B4]--[@B7]\], suggesting that PDRN could represent a novelty in terms of valuable medical therapy of varicocele-induced infertility.

So far, the present data allow us to better clarify our previous experimental observations about the molecular pathways involved in testis following surgical induction of varicocele in rats. As summarized in [Figure 5](#fig5){ref-type="fig"}, the stasis and the consequent hypoxic-ischemic state following varicocele may severely damage the testicular function. Then, the activation of A2AR by polynucleotides (PDRN) induces a further production of VEGF that, in turn, improves the angiogenic response in injured testis. At this stage, it is very likely that a pathophysiological cross-talk occurs between testicular flow, hormones, and cell homeostasis pathways and a plethora of signaling molecules including IAPs could have a great impact on angiogenesis, fertility, and testicular function \[[@B29]--[@B32], [@B44]\].

Altogether, these findings point out the key role played by NAIP and survivin in the positive regulation of apoptosis during varicocele, also confirming that, in the context of translational medicine, these members of IAPs family could represent an interesting and innovative target in testis homeostasis. Consequently, a specific approach with PDRN, a ligand of A2AR, could represent a valuable therapeutic strategy for varicocele management in subfertile patient; moreover, PDRN may also offer a structural model for the design of new analog compounds helpful for male infertility.
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![Expression of mRNA for NAIP (a) and survivin (b) (mean ± SEM of seven animals) in specimens of left testis of sham-operated rats and varicocele rats treated with vehicle (1 mL/kg, i.p.), PDRN (8 mg/kg, i.p.), DMPX (0.1 mg/kg, i.p.) plus PDRN (8 mg/kg, i.p.), varicocelectomy alone, or varicocelectomy plus PDRN (8 mg/kg, i.p.). ^\#^ *P* \< 0.001 versus varicocele + vehicle;  ^*∗*^ *P* \< 0.001 versus sham; ^§^ *P* \< 0.001 versus varicocele + PDRN.](BMRI2015-248976.001){#fig1}

![Chemiluminescence image highlighting NAIP (a) and survivin (b) expression and relative quantitative data (mean ± SEM of seven animals) in specimens of left testis of sham-operated rats and varicocele rats treated with vehicle (1 mL/kg, i.p.), PDRN (8 mg/kg, i.p.), DMPX (0.1 mg/kg, i.p.) plus PDRN (8 mg/kg, i.p.), varicocelectomy alone, or varicocelectomy plus PDRN (8 mg/kg, i.p.). ^\#^ *P* \< 0.001 versus varicocele + vehicle;  ^*∗*^ *P* \< 0.001 versus sham; ^§^ *P* \< 0.001 versus varicocele + PDRN.](BMRI2015-248976.002){#fig2}

![High-power-view light micrograph of a left testis harvested from sham-operated rats and varicocele rats administered with vehicle (1 mL/kg, i.p.), PDRN (8 mg/kg, i.p.), DMPX (0.1 mg/kg, i.p.) plus PDRN (8 mg/kg, i.p.), varicocelectomy alone, or varicocelectomy plus PDRN (8 mg/kg, i.p.) at day 21 showing NAIP immunostaining (original magnification ×200). Arrowheads show positive cells.](BMRI2015-248976.003){#fig3}

![High-power-view light micrograph of a left testis harvested from sham-operated rats and varicocele rats administered with vehicle (1 mL/kg, i.p.), PDRN (8 mg/kg, i.p.), DMPX (0.1 mg/kg, i.p.) plus PDRN (8 mg/kg, i.p.), varicocelectomy alone, or varicocelectomy plus PDRN (8 mg/kg, i.p.) at day 21 showing survivin immunostaining (original magnification ×200). Arrowheads show positive cells.](BMRI2015-248976.004){#fig4}

![Scheme showing some of the molecular pathways varicocele-induced and their strategical modulation by PDRN.](BMRI2015-248976.005){#fig5}

###### 

Evaluation of spermatogenesis (Johnsen\'s score) of left testis in different experimental groups.

  Experimental treatment     Johnsen\'s score (mean ± SEM)
  -------------------------- -------------------------------
  Sham                       9.5 ± 0.3
  Varicocele + vehicle       2.9 ± 0.4^∗^
  Varicocele + PDRN          8.7 ± 0.5^\#^
  Varicocele + PDRN + DMPX   2.9 ± 0.4^§^
  Varicocelectomy            8.4 ± 0.4^\#^
  Varicocelectomy + PDRN     8.9 ± 0.4^\#^

^∗^ *P* \< 0.001 versus sham; ^\#^ *P* \< 0.001 versus varicocele + vehicle; ^§^ *P* \< 0.001 versus varicocele + PDRN.
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